industry-specific epidemiological studies. [5] [6] [7] After adjusting for smoking status, an analysis of NHANES 1988-1994 data indicated workers in specific industry and occupation groups are more likely to have spirometry-defined obstructive lung disease (ratio of forced expiratory volume in the first second to forced vital capacity (FEV 1 / FVC) < 0.70 and FEV 1 < 80% of the predicted value) including workers in rubber, plastics, and leather manufacturing industries; textile mill products manufacturing industries; Armed Forces industries; and food products manufacturing industries and freight, stock, and material handler occupations and Armed Forces occupations. 8 Among NHANES 2007-2008 ever-employed U.S. adults, the prevalence of spirometry-defined airflow obstruction was highest in the installation, maintenance and repair (22.1%) and construction and extraction (20.7%) 2002 U.S. Census Bureau major occupation groups. 9 However, airflow obstruction estimates for some occupation groups were unreliable and industry-specific estimates were not presented. 9 We calculated the current burden of spirometry-defined airflow obstruction and COPD for industry groups and for more specific occupation groups than were previously reported. 9 2 | METHODS
| Study design and population
The NHANES is a continuous, cross-sectional survey conducted by the National Center for Health Statistics (NCHS). A complex, multistage probability sampling design is used to generate a representative sample of the civilian, non-institutionalized U.S. population. 10, 11 Participants receive a detailed in-home interview followed by a physical examination at a mobile examination center (MEC) Of the 13 657 with a complete spirometry exam and valid spirometry tests (quality grades A, B, or C), we excluded two participants without height measurements and 611 who have never been employed.
Spirometry exclusion and quality details are discussed elsewhere. 13, 14 The sample for the analysis of airflow obstruction included 13 044 ever-employed survey respondents aged 18-79 years.
Of 16 486 participants aged 20-79 years that were interviewed and attended the examination in the MEC, we excluded 709 who have never been employed resulting in 15 777 ever-employed respondents in the sample for the analysis of COPD. Respiratory health questions to determine COPD outcome were not asked of participants aged [18] [19] years.
Study protocols were approved by NCHS' Research Ethics Review
Board and informed consent was obtained from all participants.
| NHANES variableand outcomes
Body mass index (BMI) (kg/m 2 ) was generated from height and weight measurements obtained during the physical examination. were those who reported smoking fewer than 100 cigarettes during their entire lifetime and ever smokers were those who reported smoking at least 100 cigarettes during their lifetime. For ever smokers, cigarette pack-years were calculated using the reported number of years smoked and the reported number of cigarettes smoked per day or the number of cigarettes they smoked per day when they last smoked cigarettes.
Respiratory health outcomes were identified using responses to questions asked in the household interview. Survey participants (aged 20-79 years) were considered to have self-reported chronic bronchitis or self-reported emphysema if they reported that a doctor or other health professional ever told them that they had chronic bronchitis and they still had chronic bronchitis or a doctor or other health professional ever told them that they had emphysema. For brevity, we refer to selfreported chronic bronchitis or self-reported emphysema as "COPD."
Spirometry was performed following ATS/ERS recommendations using Ohio 822/827 dry-rolling seal volume spirometers. 16, 17 Airflow obstruction was defined per ATS/ERS spirometry criterion (using prebronchodilator values) as FEV 1 /FVC < lower limit of normal (LLN) (ie, the lower 5th percentile). 2 Those with airflow obstruction were further evaluated to identify moderate and more severe airflow obstruction when FEV 1 /FVC < LLN and FEV 1 < 70% of the predicted value. Normative reference equations developed from NHANES III data determined the predicted and LLN pulmonary function values. 18 To estimate reference values for the "other" race/Hispanic origin group, we applied a correction factor of 0.88 to the non-Hispanic white reference values which has been previously published. 14, 19 For the "other Hispanic" group, we applied the reference values for Mexican Americans. 14 We examined the longest held job of ever-employed participants (both currently working and those not working). Respondents aged KURTH ET AL.
16 years and older were asked, "Which of the following were you doing last week?" Respondents who reported that they were, "working at a job or business" or "with a job or business but not at work" were asked to provide the name of their employer, the industry 
| RESULTS
Characteristics of ever-employed U.S. adults are summarized in Table 1 . The age-standardized prevalence of airflow obstruction among ever-employed U.S. adults aged 18-79 years was 12.40% and those with airflow obstruction were further evaluated for moderate and more severe airflow obstruction (3.05%) ( Table 1 ). The prevalence of airflow obstruction and moderate and more severe airflow obstruction increased with age and was highest in adults aged 60-79 years. Prevalence of airflow obstruction and moderate to more severe airflow obstruction was highest in non-Hispanic whites (13.56%, 3.49%), those with less than high school education (15.35%, 4.90%), and adults with a BMI categorized as underweight (24.07%, 9.61%). The prevalence of airflow obstruction was 7.15% among never smokers compared with 18.47% among ever smokers (Table 1 ).
The age-standardized prevalence of COPD among everemployed U.S. adults aged 20-79 years was 3.47% (Table 1 ). The prevalence of COPD was highest in adults aged 60-79 years (8.08%), females (3.89%), non-Hispanic whites (3.85%), those with less than high school education (6.30%), and adults with a BMI categorized as underweight (8.61%). The prevalence of COPD was 1.48% among never smokers and 5.61% among ever smokers. COPD prevalence increased as cigarette pack-years category increased, from 1.93%
among ever smoking adults with less than three pack-years to 12.44%
among adults with at least 27 pack-years.
Workers in the mining industry group had the highest prevalence of airflow obstruction (22.66%) followed by workers in the 
| DISCUSSION
This study found the prevalence of spirometry-defined airflow obstruction was 12.40%, moderate and more severe airflow obstruction was 3.05%, and COPD was 3.47% among ever-employed U.S.
adults. Prior analyses of 2007-2010 NHANES data used the general U.S. population (not limited to ever-working adults) of a older age range (40-79 years) than analyzed in this study and reported prevalence estimates of 14.5% for airflow obstruction and 4.4% for moderate and more severe airflow obstruction. 13 The prevalence of both airflow obstruction and COPD was higher in those aged 60-79 years, non-Hispanic whites, those with less than high school education, those with an underweight BMI, and in those that ever smoked.
We also generated the prevalence and association of airflow obstruction by industry and occupation groups. Workers in many industry and occupation groups associated with elevated prevalence of airflow obstruction and/or significant PORs may be exposed to significant respiratory health hazards. For example, workers in the mining industry group and workers in extraction occupations may be exposed to diesel engine exhaust from machinery and equipment, volatile organic compounds (VOCs), other polycyclic aromatic hydrocarbons, fumes and dusts (eg, silica, coal mine dust, and metallic compounds) associated with lung inflammation, and other chemicals. 22 Workers in the occupation group installation, maintenance, and repair (power-line, telecommunications line, vending machine, locksmiths, manufactured building, signal and track switch, commercial divers, riggers) also had a high airflow obstruction prevalence. These workers may be exposed to fumes from soldering or wire insulation.
Work in the services to buildings, landscaping and waste management services industry group was associated with elevated prevalence of airflow obstruction and significantly higher odds of airflow obstruction. These workers may have pesticide, herbicide, wood dust, fungi, and cleaning agent exposures. 22 
Hnizdo et al. reported working in manufacturing industries
(rubber, plastics, and leather; textile mill products; food products) was associated with spirometry-defined obstructive lung disease in an earlier study of the 1988-1994 NHANES population. 8 Our results also showed a high prevalence of airflow obstruction in the manufacturing fiber, fabric, textile, carpet mills, knitting, apparel, footwear, leather tanning industry (20.29%) where solvents, dusts, and formaldehyde may be present. 22 The prevalence of airflow obstruction in the manufacturing motor vehicles and motor vehicle equipment industry group was 19.60% and workers in this industry had significantly higher odds of airflow obstruction potentially due to exposures during the production process, such as metal fumes, respirable silica, carbon monoxide, and coolant mist. 22 The prevalence of airflow obstruction in the manufacturing pulp and paper products, printing activities industry (16.61%) may be driven by the high prevalence of disease among bookbinders, prepress, and printing workers (31.64%). Organic solvents and toner used in the printing industry, adhesives involved in bookbinding or other finishing tasks, ozone and VOCs from duplicating and reproduction machines, and paper dust, are all potential sources of harmful exposures in these workers.
22
A thorough depiction of airflow obstruction prevalence was lacking for workers in agriculture and forestry industries due to unreliable estimates in the agriculture, forestry, fishing, and hunting (except crop production) industry group and the farm, ranch and other agricultural managers; farmers and ranchers occupation group.
KURTH ET AL. However, workers in the crop production industry had a high prevalence of airflow obstruction (16.77%). Exposures in the crop production industry associated with obstructive lung disease include gas and vapors from pesticides and herbicides, mineral dusts, and organic dusts from agricultural work. 24 The prevalence of airflow obstruction was also elevated in food preparation and serving related occupations (except chefs, cooks, waiters and waitresses) (17.68%) and waiters and waitresses (15.56%).
Food service workers may be exposed to cleaning and disinfectant products and gas, fumes, and particulate matter emissions from both the cooking process and combustion of fuel used for cooking. 22, 25, 26 
| Limitations and strengths
Self-reported doctor-diagnosed chronic bronchitis and self-reported emphysema were used to define COPD and clinical data were not available to validate COPD. The NHANES is a cross-sectional survey, so it is not possible to determine causality of airflow obstruction and COPD. Similarly, we cannot determine the occupational or nonoccupational causes of airflow obstruction since occupational exposure was not included in this analysis. However, analysis of NHANES 1988-1994 data indicate tobacco smoking, occupational exposure, and socioeconomic status contribute to the increased risk of spirometry-defined obstructive lung disease among some workers. 8, 27 Because airflow obstruction generally results from long-term exposure, we used longest held industry and occupation data to include the job which potentially contributed to disease. However, relevant occupational exposures associated with the development of airflow obstruction may have occurred in an occupation other than the longest held. We did not determine the type of airflow obstruction (eg, asthma, chronic bronchitis, emphysema) among those with spirometry-defined airflow obstruction and some occupational exposures are attributed to different types of obstructive disease.
Another limitation is that those with COPD may or may not have spirometry-defined airflow obstruction.
Despite combining data from three NHANES survey cycles, confidence intervals for some prevalence estimates and PORs provided a wide range of possible values for the parameter and should be examined when interpreting data. Due to small cell sizes, we
were not able to report gender-specific or smoking-specific prevalence estimates and we had to group together some industries and occupations that we had interest in analyzing at the detailed, four-digit level. For example, we were interested in the prevalence of airflow obstruction among workers in specific service industries, such as barber shops, beauty salons, and nail salons, as these workers may be exposed to products and chemicals that can cause lung irritation and respiratory diseases. However, due to small cell sizes, these industries were grouped with other service industries in the barber shops, beauty and nail salons, dry-cleaning and laundry services, funeral homes, other personal services, and labor unions industry group so we could not calculate the airflow obstruction prevalence in these specific service industries.
The strengths of this study were that its data come from a recent, nationally representative data set. NHANES ensures rigorous quality standards are followed for data collection, which is especially important for tests like spirometry, where data quality can impact interpretation of disease classifications. In addition, we were able to examine 44 industry groups and 57 occupation groups, which had not been done in prior research on this topic using NHANES data.
This study provides the distribution of ever workers with airflow obstruction by detailed industry and occupation group. This study observed elevated PORs for specific industries including mining, manufacturing motor vehicles and motor vehicle equipment, construction, and services to buildings, landscaping and waste management services, industries that had previously been shown to be at risk for airflow obstruction. However, we identified workers in the occupation group including installation, maintenance, and repair (power-line, telecommunications line, vending machine, locksmiths, manufactured building, signal and track switch, commercial divers, riggers) to have an elevated prevalence of airflow obstruction. To our knowledge, this occupation group has not been previously studied or identified as having increased risk for airflow obstruction. Additional research is needed to understand the association between these groups and an increased risk for airflow obstruction and also what exposures may be causing the increased risk.
AUTHORS' CONTRIBUTIONS
LK, BD, and SF participated in the conception or design of the work; LK, BD, JH, and SF participated in the acquisition, analysis, and interpretation of data; LK and BD drafted the work; CH, JH, and SF revised the work critically for important intellectual content; and all authors provided final approval of this article to be published and agreement to be accountable for all aspects of the work.
